Spatially coherent broadband IR sources are used for many applications, such as obtaining the spectroscopic signatures of remote targets in real time and IR optical coherence tomography (OCT). Because most biomaterials have IR spectroscopic signatures, IR OCT can provide information about the 3D shapes and the chemical composition of biomedical samples. Although IR lasers such as quantum cascade lasers (QCLs) are spatially coherent sources, they have very narrow spectra. Widely tunable IR lasers that can cover the entire near-to mid-IR spectral range are not yet available. However, we have found that an IR supercontinuum (SC) source can be an excellent candidate for spatially coherent broadband IR applications.
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SC generation (SCG) is a process where short laser pulses are launched into optical fibers and waveguides to create a spatially coherent broadband source. 1 As a result of the nonlinear interactions between the light signal and the nonlinear optical medium (including self-phase modulation, self-steepening, and delayed Raman response), the narrow spectrum of the input laser pulse is largely broadened. Although SCG has been very successful in the visible and the near-IR spectral regime, it is very challenging to successfully use high-power, high-energy SCG in the mid-IR and far-IR regime due to the lack of high transmission rates and the need for a high laser damage threshold in IR fibers and waveguides.
In our research, we worked with single-crystal sapphire fiber because it has good IR transmittance up to 3.1 microns (the linear absorption is only 0.5dB/m at 2.94 microns), a high laser damage threshold because of the very high melting temperature (over 2000 • C), and good thermal conductivity (36W/m • C). 2 Recently, we demonstrated broadband (visible to mid-IR range) SC performance in single-crystal sapphire fibers (see Figure 1 ). [3] [4] [5] Experimentally measured SC output for this single-crystal sapphire fiber from three pumping wavelengths is shown in Figure 2 .
To further extend the range in the mid-IR spectral regime, we also investigated other unconventional IR fibers and waveguides. Specifically, we chose calcium fluoride (CaF 2 ) because it has a good IR transmittance (up to 8 microns) and a high melting temperature (>1000 • C). CaF 2 waveguides can be fabricated using a precise lapping and polishing approach. Figure 3 shows a fabricated CaF 2 waveguide with a thickness of approximately 187 microns and a length of about 2.5cm.
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We quantitatively simulated the performance of SCG in the CaF 2 waveguide, assuming that it measured 25 microns in diameter and 5cm in length. We also assumed that the pumping light had the following parameters: 150fs pulse duration, 50MW maximum peak power, and a 3 micron wavelength. We used finite difference time domain software to simulate the SCG under peak power levels 1, 5, 10, and 50MW (see Figure 4) . From this simulation result, we concluded that a very broad SC spectrum, covering the entire 2-7 micron spectral regime, can be realized.
Although the SC at shorter wavelengths (<2 microns) is not shown in Figure 4 due to the memory limitation of the simulation software, we expect there would also be good SCG in the shorter wavelength region based on the tendency of this SC spectral profile. Such an extremely broad spectral profile would be very useful for standoff sensors and imagers because it covers the vibrational and rotational energy levels of many materials.
It is possible to generate an extremely broadband IR SC source (up to 7 microns) by employing high transmission and high laser damage threshold IR waveguides, which can greatly enhance the capabilities of standoff sensors and imagers. It may also enable new applications for OCT, such as determining the chemical composition of biomedical samples. We will continue our experimental investigations of SC in CaF 2 waveguides with these applications in mind. 
